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MULTICARRIER TRANSMISSION SYSTEM WITH LOW 
POWER SLEEP MODE AND RAPED-ON CAPABILITY 

BACKGROUND OF THE mVENTTON 
The invemion relates to raulticanier transnrissioa systems, and comprises method 
J and apparatus for estabKshing a power raanafiemeitt sleep state in a multicarrier system. 

SUMMARY OF THE INVENTION 

MuJticanier transmission systems provide high speed data links between com- 
mumcaiion points. Such systems have recently been introduced for communioations 
over the local subscriber loop that connects a telephone service subscriber to a central 
10 telephone office; in this important application they are commonly referred to as "jcDSL" 
systems, where the "x" specifies a particular variant of DSL (digital subscriber loop) 
communications, e.g., ADSL (asynchronous digital subscriber loop), HDSL (High- 
Speed Digital Subscriber Loop), etc. ITiese wiU be referred to generically faeiem simply 
as "DSL- systems. In such systems, a pair of transceivers communicate with other by 
13 dividing the overall bandwidth of the channel interconnecting the subscriber and the 
central ofBce into a laige number of separate subchannels, each of limited bandwidth, 
operating m parallel with each other. For example, one common system divides the sub- 
scriber line channel into two hundred and fifty sbc subchannels, each of four Idlohertz 
bandwidth. A first group of these (e.g., one hundred ninety six) is allocated to commu- 
ao nications from the central oflGce to the subscriber (this is known as the "downstream" 
direction); a second group (e.g.. fifty-five) is allocated to communications firora the sub- 
scriber to the central office (this is known as the "upstream^ direction). The remaining 
subchannels are allocated to administrative, control and overhead flmctions. 

Data to be communicated over the link is divided into groups of bits, one group 
M for each subchannel. The group of bits aUocated to a given subchannel is modulated 
onto a carrier whose fi-equency is specific to that channel. Typically, quadrature ampU- 
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tude modulation (QAM) is used for this purpose, and the group of bits is mapped into a 
veaor defined by one of the points of a ^'constellation" which specifies the allowable 
data points for transmission over that subchannel at a particular time. Each vector or 
data point thus comprises a unique symbol representing a specific bit configuration for 
J transmission as a group over its associated subchannel. During the time period allocated 
for transmission of a symbol (commonly referred to. as a "symbol period" or ^fcame'^, 
each subchannel transmits its symbol in parallel with aU other subchannels so that large 
amounts of data can be transmitted during each frame. 

The number of bits carried by a symbol is dependent on the characteristics of the 
10 subchannel over which it is to be transmitted. This may vary from one subchannel to 
another. The principal determinant is the signal-to-noise ratio of the subchannel. Ao- 
cprdingly, this parameter is measured from time to time in order to ascertain its value for 
each subchannel, and thus determine the number of bits to be transmitted on the particu- 
lar subchannel at a given tzme« 

" The telephone channel is subject to a number of impairments which must be 

compensated for in order to ensure reliable transmission. Phase (delay) distortion of the 
transmitted s^nal is typically the most Ihniting of these impairments. This distortion is 
frequency-dependent, and thus components of a signal at different frequencies are 
shifted by varying amounts, thereby distorting the signal and increasing the likelihood of 

20 erroneous detection unless provision is made to combat it. To this end, frequency 

(FDQ) and time delay (TDQ) equalizers are commonly incorporated into the transmis- 
sion channel in order to equalize the phase (time) delay across the channel frequency 
band. 

Other impairments also exist For example, frequency-dependent signal attenua^ 
25 tibn adversely affects signal transmission on the telephone line. This is compensated by 
the use of gain equalizers on the line. Echo on the line is handled by the use of echo 
cancellers, and phase and frequency ofisets which may arise, for example, from the use 
of frequency^drvision-muftiplexmg in the telephone system must also be corrected for. 
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The problem of signal impainnent is especially serious in those xDSL configura- 
tions which carry the DSL communications on a common line with ordinary voice com- 
munications but which omit the use of a "spUttei" at either the subscriber premises or 
the central office or both. A "splitter" is basicaUy a filter which separates the low- 
frequency voice communications (e.g., firom zero to four Idlohertr) fi-om the higher- 
frequency data communications (which m^ extend up into the megahertz band) and 
provides a strong degree of isolation between the two. In the absence of a spUtter, 
unique provisions must be made to accommodate voice and data communications on the 
same line. For a more detafled description of the problem and its solution, see the co- 
pending application of Richard Gross et al. entitled "Splitterless Multicarrier Modem", 
Serial No. filed and assigned to the assignee of the present im^ention. 

Because of thar extensive use in Ditemet communications as well as in other 
applications, DSL transceivers are commonly maintained in the "on" state, ready to 
transmit or receive once they have been installed and initialized. Thus, such modems 
consume a significant amount of power, even when they are not actively transmitting or 
receiving data. It is generally dearahle to Ifanit this power consumption, both for eavi- 
ronmental reasons as weU as to prolong the life of the equipment. Further, such mo- 
dems may be implemented or incorporated in part or in whole in computer equqmient 
such as in personal computers for home and buidness use, and such computers increas- 
ingly incorporate power conservation procedures. See. for example, U.S. Patent No. 
5,428.790, "Computer Power Management System", issued June 27, 1995 on the appli- 
cation of L. D. Harper. Thus, it is desirable to provide an ADSL modem which can ac- 
commodate power conservation procedures. 

Because of the complejdty of DSL transceivers, and the conditions under which 
they must operate, it is necessary to initialize them prior to the transmission and recep- 
tion of data. This hulialization includes, inter aba, channel corrections such as 
"training" the firequcncy- and timevdomain equalizers and the echo canceUers; setting the 
channel gains; adjusting for phase and frequency oi&ets; and the like. Ad<fitionally, it 
inchides measuring the signal^to-noise ratio of each of the subchannels, calcuUting the 
bit-aHocation tables characteristic of each under given conditions of transmission, and 
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exchsAging these tables with other modeim with a given modem communicates. For 
more detailed discussion of these procedures, reefer to the application of Richard Gross 
etal., cited above and incorporated herein by reference. These procedures can require 
from tens to hundreds of seconds. In a new installation, the time required is inconse- 
quential. However, in an already-operating installation, the time required to initialize or 
re-initialize the system after a suspension of operation in comiection with power conser- 
vation is generaUy unacceptable, since it is typically desired to have the modem respond 
to request for service nearly instantaneously. 

Accordingly, it is an object of the invention to provide a multicafiier transmis. 
sion system having a low power sleep mode and a rapid-on capability. 

Further, it is an object of the invention to provide a muhicanier transmission 
system for use in digital subscriber line communications that can rapidly switch from a 
sleep mode to a fuH-on con£tioiL 

Stm another object of the invention is to provide a DSL system that can rcadfly 
be tategrated into a computer haviiig a low power sleep mode and which is capable of 
rapid return to fiill operation. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings^ of wdiich; 
Fig. i is a block and line diagram of a multicarrier transmission system in accor- 
20 dance with the present invention; and 

Fig. 2 is a flow diagram of the operation of the present invention. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 



In ngure 1, a DSL transcwver 1 0 in accordance with the present invention has a 
transmitter section 12 for transmitUng data over a digital subscriber line 1 4 and a re- 
ceiver section 16 for receiving data from the line. Tlie transmitter section 12 is formed 
from an input buffer and converter 18 that receives a serial string of data (e.g., binary 
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digits) to be transmitted and converts the data into a pIuraHty of pairs of complex-valued 
symbol. X4 and their conjugates X,« =X^ i = 0. 1, „..N. These pair, of symbols are 
applied to an Inverse Fast Fourier lYansfonn (IFFT) 20 to provide real time output sig- 
nals Xj, j = 0, t -1, The latter in turn are txmverted to serial form lij a paraBel- 

^ to-serial converter 22 and then applied to a digital-to-analog «x,nverter 24 for applica- 
tion to a line driver.26. The converter may apply a cydic prefix to the signals to com- 
bat intersymbol interference caused by the transmission medium. The driver 26 may in- 
corporate a gam control section 26a for controlling the signal ampUtude (and thus 
power) as it is applied to a communication channel such as a digital subscriber line 24. 

IFFT 20 may be viewed as a data modulator. The symbols X. . and their cotgu- 
Sates . correspond to data points defining signal vectors in a quadrature amplitude 
modulation (QAM) constellation set The converter 18 forms the respective symbols 
&0m the input data with the aid of a bit allocation table (BAT) 28 which specifies, for 
each subchannel, the number of bits to be carried by the symbol transmitted overthat 
" subchannel, and thus defines the data point to be associated with the symbol. This table 
is typically calculated at the transceiver and transmitted to other transceivers Tvith which 
the instant transceiver communicates, to thereby enable them to decode the symbols re- 
caved by them fi-om the instant transceiver. 

The miraber of bits which each symbol carries is determined by the charactcris- 
» tics of the subchannel over which the symbol is to be transmitted, and paiticulariy by the 
signal-to-noise ratio of the subchannel. Procedure for this calculation are known. Figure 
1 A shows an example of such a table as formed and stored at transceiver 10. Thus, the 
symbol to be transmitted over subcharaid 50 may be determmed to have an allocation of 
sbc bits; that of subqhanel 51, six bits; that of subchannel 52, seven bits, etc. 

M A Clock 30 controls the timing ofthe operation ofthe transmitter 12. It supplies 

mput to a ControUer 32 which controls the indivMual units of the transmitter. In the 
case of a transceiver located at a central telephone office, the clock 30 typlcaDy is a 
master dock to which a remote transceiver, such as at a subscriber premises. wiU be 
synchronized. In the case of a transceiver at the subscriber premises, such as is shown 

30 her for purposes of illustration, the dock is derived from the master dock at the central 
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oflBce as de«:ribed more &Uy below in connection with the receiver portion of the tran». 
ceiver. A Frame Counter (FQ 36 connected to the controller 32 maintains a count of 
the number of fiames of data transmitted or received by the tianscdver. Fmally, a State 
Memory (SM) connected to the controHer 34 records the state of the transceiv^ for 
s reasons discussed more fiilly below. 

T^Jniing now to the receiver section 16, it is formed from a line conditioner 50; 
an analog-to-digital converter (ADC) 52; a serial-to-pandlel converter 54; aFastFourier 
Transform (FIT) section 56; a detector 58; and a paraUel-to-serial comrerter 60. The 
conditioner 50 compensates for transmission distortions introduced by the line 14, and 
JO commonly inchides a fiequency-domain equalizer (FDQ) 50a; a time-domain equ^ 
(TDQ) 50b; and an echo canceller (EC) 50c. among other dements. The ADC 52 con- 
verts the received signal to digital form and appGes it to the serial^to-paralld converter 
54. TJie convener 54 removes any cyclic prefix that may have been appended to the 
signal before it was transmitted, and applies the resultant signd to the FFT 56 which ef- 
is fectivdy"demoduhites" the received signd. The output oftheFFTis appUed to de- 
coder58 wMch. in conjunction with a bit-aDocation-table 62, recovers the symbols ^ 
and the bits aasodated with them. Theoutputof detector 58 is applied to the paralld- 
to-sciid converter 60 whidi restores the data stream that was originally applied to the 
transmitter. 

20 A phase-lock loop (PLL) 62 receives from the line conditioner 50 a timing refer- 

ence dgnd transmitted from the transmitter with which it communicates (e.g., the CO 
iranscdver). The PLL 62 locks itsdf to this signal and drives a clock 64 in syndironism 
with the Master Clock in the driving transmitter. Control of the receiver section is pro- 
vided by the controller 32. 

As noted earlier, the transcdver of the present invention will commonly be in- 
corporated in a computer such as a personal computer, indeed, it may be implememed as 
an integral part of such a computer, which may have a power conservation capabiKty for 
activation when the computer is not in active operation. It is thus desirable that the 
transcdver be able to suspend operations and enter a "sleep" mode in which it consumes 
reduced power when it is not needed for data transmission or reception, but nonethdess 



as 



30 
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be able to resume transmission or reception almost instantaneously, eg., with less than a 
one-second delay. This is accomplished in the present invention as follows. 

For purposes of iUustration, the opetation of the mveotion will be explained in 
terms of a transceiver located at a customer premises (herein termed the "CPE trans- 
5 ceiveO communicating data over the customer's data subscriber line to a transceiver 
located at the central telephone office (herein referred to as the "CO transceiver"). Pai^ 
ticular re&rence will be made to Figures 2 and 3 in connection with this discussion. 
The power down operation of the CPE transceiver begins on receipt of a power down 
command (step 80) by the CPE transceiver conironer 32. The power down command 
10 may be applied to the controUer 32 from an external source such as a personaJ computer 
in which the transceiver is included; it may be generated within the transceiver itself as a 
resuh of monitoring the input buflfer 18 and determinmg that no data has been applied to 
it fiir a given time interval; or it may be responsive to a power down command from the 
CO transceiver. 

15 Consideiing for the moment the first two cases, the CPE transceiver responds to 

the command by transmitting to the CO transceiver an "Entering Sleep Mode" signal 
(step 82). The CO transceiver responds by transmitting an "Acknowledge Sleep Mode" 
signal (step 84) to the CPE transceiver. Additionally, the CO transceiver transmfts to 
the CPE transceiver a pilot tone (step 86) which enables the CPE transceiver to maintain 

» synchronization with the CO transceiver during sleep mode. Specifically, as shown in 
Figure 1, the pilot tone is appUed from the line conditioner 50 to the PLL 62 which 
drives the Local Clock 64 in synchrony with the Master Clock 30 at the CO transceiver. 
Clock 64 in turn drives the Frame Counter 66 in synchrony with the frame counter 36 at 
the CO ttanscdver. 

2S The CO transceiver also stores its state (step 88) in recover section state mem- 

ory 38. The state prefoably includes at least the frequency and time-domain equalizer 
coefficients (FDQ; TDQ) and the echoManccUer coefficients (ECC) of its receiver and 
the gain of its transmitter. The CO transceiver wUl also maintain the frame count and 
superframe count (step 90) to ensure synchrony with the remote CPE transceiver. It 
may. at this time, perform its own power reduction (step 92). In particular, it may re- 
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duce or cut off power to the digital modubtoi/demodulator portions of its transmitter 
and receiver sections; this provides a significant power reduction. Power will xnain- 
tained. of course, to at least that portion of the analog driver circuitry which transmits 
the pUot tone and other control signals to the CPE transceiver. 

3 In response to the acknowledgment from the CO transceiver, the CPE trans- 

ceiver enten, the sleep mode (step 94) in which reduced or no power is appUed to vari- 
ous components of the transceiver. In particular, it stores its stale (step 96) in state 
memory 38, including preferably at least the frequency and tim^domain equalizer co^- 
fi«ents (TOO; TOQ) and the echo-canceOer coefScients (ECC) of its receiver section. 
.0 the gain of its transmitter section, and phase and frequency ofl&et of its phase^locked 
loop 62. It then powers down (step 98) its transmitter section, inchiding both the digi- 
tal modulator/demodulator circuitry and the analog line drivers. 

During the sleep mode state, the CO transceiver continues to momtor (step 100) 
the dais subscriber line for an "Awakenrng" signal from the CPE transceiver (step 104). 
15 The CPE transceiver transmits this signal when its controfler receives an "Awaken" 
command (step 102) from an eKtenial source such as a computer in which it is installed 
or from other sources , or when its controller detects the presence of data in the input 
buffer 18. The CPE trans«:eiver thereupon restores fiill poNver to its circuitry (step 106). 
It also retrieves its stored state from the state memory 38 (step 108). It can thenimme- 
JO diately begin transmitting , since it need not repeat the initialization that was earUer re^ 
quired to estabUsh requisite parameters (equalizer coefficients, echo canceller cotsffi- 
cients. gain, phase -lock-loop phase and frequency o£Esets. etc.). Prior to this time, of 
course, and in response to the "Awakenir^" signal from the CPE transceiver, the CO 
transceiver has restored its power (step 1 1 0). restored its state (step 1 12), and is ready 
2S to receive (step 114). 

On resuming communication, it may be desirable to transmit several frames of 
test (known) data (step 116) before resuming transmission of user data. This enables 
the system to verify that system conditions have not changed so significantly as to re- 
quire renewed initialization. If the test is satisfiictory (step 1 1 8). user data transmission 
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then occurs (step 120). Ottenvise, reinitiaUzation must be peifeimed (step 122) before 
user data transmission ocxoirs. 

As noted earlier, the transcdver 10 alternatively be awakened by the CO 
transceiver. This is prefemWy accomplished by means of a tone 120 (Figure 3) transn^t- 
5 ted from the latter to the CPE m«ver. In «sponse to that tone, the CPE receiver per- 
fomas the sequence of steps shoivn at 100-1 10 in Figure 2. 
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CLAIMS 

11. A miilticanier traiiiicdver having a sleep mode capability . comprising 
2 A. means responsive to a sleep mode command for: 

(1) storing seleaed state parameters chaiacterisiic of the communica- 
tions channd over which the ttanscetver is operatiiig; and 

(2) reducing power to selected portions of transceiver circuitry; and 
B. means responsive to a wake>iip command for 

(1) restoring the state of said transceiver from said sleep mode; and 
» (2) restoring power to said transceiver; 

9 to thereby facilitate restoration of communications without reinitialization of said trans- 

10 ceiver. 

1 2. A muMcarrier transceiver according to daim 1 in which said state parameters 

2 include one or more parameters selected from the group comprising frequency-domain 

3 eq«»alizercoeffidems, time-domain equalizer coefficients, echo canceDer^ 
phase-lock loop frequency offiets, phase-lock loop phase ofl&ets, and channel gams. 

1 3. A multicanier transceiver according to daim 1 which mcludes means for lecdv- 

2 ing from another transceiver a signal defining a timing reference during at least the time 

3 when said first transceiver is in sleep mode. 

1 4. A muWcairier transceiver accorfing to claim 1 in which said signal comprises a 

2 pilot tone. 
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AMENDED CLAIMS 

[ received by the Interrwtioiial Bureau on 2S December 1999 (28 12 99)- 
original claims 1-4 replaced by new claims 1-17 (4 pages)*] 

1 . A multicarrier tratisceiver having a sleep mode capability, comprising 

A. means responsive to a sleep mode command for 

(1) storing selected state par^etei^ characteristic of the communis 
cations channel over which the transceiver is operating; and 

(2) reducing power to selected portions of transceiver circuitry; 

mid 

B. means responsive to a wake-up command for. 

(1) restoring power to said transceiver; 

(2) restoring the state of said transceiver from said sleep mode by 
means of said stored parameters; and 

C. means for mamtainmg a common, synchronized data frame count be- 
tween said transceiver and a remote transceiver with which it communicates, to thereby 
facilitate restoration of communication without reinitialization of said transceiver. 

2. A multicarrier transceiver according to claim 1 in which said state parameters in- 
clude one or more parameters selected from the group comprising frequency-domain 
equalizer coefficients, time^omain equalizer coefficients, echo canceller coefficients, bit 
aUocations, coding parameters, fine gains, and subchannel gains. 

3. A multicarrier taransceiver according to claim 1 in which the means for maintain- 
ing said frame count comprises a signal defining a timmg reference during at least the 
time when said first transceiver is in sleep mode. 

1 4. A multicamer transceiver according to claim 3 in v/hicb said signal compirses a 

2 pilot tone tratismittedfit>m one transceiver to another with which 
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J 6. 



2 



A multicarrier ttanscdver according to claim I in which 



nal transmitted between said transceivers. 



' 8^ A multicamer transceiver according to claim I including 



2 



^ , . - « means to transmit an 

Idle symbol to said remote transceiver when said transceiver is in sleep mode. 



• 9. Amulticaxiiertransceiveraccoidingtoclaimlincludingmeanstotransmitto 



smd remote tmnsceiver a short test signal on awaking fiom sleep mode in order to deter- 
mine whether tratlsmission conditions have changed sufficiently during sleep mode to 
require reinitialization of said transceiver on emerging fiom sleep mode 



1 10. A multicanier transceiver including 

2 A. mean for storing the state of said transceiver responsive to a state change indicator; 



B. means for restoring said state fix>m the stored state parameters to thereby obvj- 
ate reinitiali2ation of said transceiver on return from sleep mode; 

C. means detecting the absence of valid frame information for generating said 

6 Stale change indicator. 



I 11 
2 

4 



A multicatrier transceiver including 

A. means for storing the state of iransceiver responsive to an intemiption of valid 
data transmission; 

B. means for entering a sleep mode during said intem^on; 
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C. means for maintaining communication of a sytichronizing signal between said 
transceiver and another transceiver duiing sleep mode.; and 

D. means for restoring said state fiom the stored state parameters to thereby ob- 
viate reinitialization of said transceiver on letum &om sleep mode. 

12. A multicarrier transceiver accordmg to claim 1 1 in which communication is 
maintained by transmitting a synchronizing signal to said other transceiver. 

13. A muWcairler transceiver according to claim 11 in which commtmication is 
maintained by receiving by receiving a synchronizing signal fiom said other transceiver. 

14. A multiracial transceiver accordmg to claim 1 1 in which said state mcludes on or 
more parameters selected from the set comprising frequency-domam equalizer coeffi- 
cients, time-domain equalizer coefficients, echo cancelled coefBcients, bit allocations. 



" coding parameter, fine gains and subchannel gains. 



1 15. A method ofproviding a sleep mode in a multicarrier transceiver characterized by 

2 a plurality of state parameters chamcteristie of the communications channel over which 

3 thetransceiverisopcratingandrequiringinitializationofsaidpaiametersfornormal 

4 communications, compnisiitg the steps of: 

A. storing selected ones of said state parameters hi response to a sleep mode 



». 

6 command; 

B. reducing power to selected portions ofthe circuitry following said storing; 

C. restoring power to said selected portions m response to an awaken signal; and 

D. restoring the state of said transceiver from said stored parameters in response 
to said wakeup signal to thereby obviate reinitialization of said transceiver. 



1 16. A method according to claim 1 5 in which said selected state parameters comprise 

2 one or more parameters selected from the group comprismg frequency-domain equalizer 
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3 coefflcioats, time^lomain equalizer coefficients, echo canceller coefl5ci«ts. bit alloca- 

4 tiODS, coding parameters, fine gains, and subdiaimel gains. 

- 17- A method acconling to elaio, 15 orl6 including the step of maintaining synchro- 

. -^-tioninsaidtransceiver^-thasynchroni^onsignaltransmittedtosd^ 

3 ceiver during the time that said transceiver is in sleep mode. 
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